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I 

This r e p o r t  i l l u s t r a t e s  t he  use of  NASTRAN@ modal s y n t h e s i s  c a p a b i l i t y  

H c l a s s i c a l  t r u s s  problem i s  examined and t h e  r o r  some small examples. 

r e s u l t s  t o r  accuracy are compared t o  e x i s t i n g  r e s u l t s  from o t h e r  metnods. 

'l'nis proDLem i s  exauined us ing  botn t ixed  i n t e r f a c e  modes and t r e e  i n t e r f a c e  

modes. Tile s o l u t i o n  is c a r r i e d  ou t  t o r  an app l i ed  dynamic Load down as f a r  

as recovery or f o r c e s  i n  i n d i v i d u a l  members as a runc t ion  ot t i m e .  & o t h e r  

small beam problem is used  t o  compare d i t f e r e n t  means or "combining" 

s u o s t r u c t u r e s .  

INTRODUCTION 

During the  pas t  twenty yea r s ,  a body of technology h a s  developed w i t h i n  

t h e  gene ra l  f i e l d  of s t r u c t u r a l  dynamics t h a t  h a s  been i d e n t i f i e d  by t h e  

term modal s y n t h e s i s .  Modal s y n t h e s i s  is a Rayleigh-Ritz approach u s i n g  

s y s t e m a t i c a l l y  de r ived  displacement  func t ions .  It i s  used t o  fo rmula t e  and 

so lve  the  l a r g e  eigen problems which a r i s e  i n  dynamic a n a l y s i s  of  complex 

s t r u c t u r a l  systems. 

of the s t r u c t u r e  is cons t r a ined  t o  l i n e a r  combinations of a l i m i t e d  nunber 

of  modes o r  displacement  f u n c t i o n s  c h a r a c t e r i z i n g  t h e  behavior  o f  indepen- 

d en t  subs t ruc t u re  s . 

Solu t ions  a re  approximate i n  t h e  sense  t h a t  t h e  motion 



Severa l  r e s e a r c h e r s  have formulated v a r i o u s  modal s y n t h e s i s  procedures  

i n  an at tempt  t o  reduce computation e r r o r s  and minimize computer c o s t s .  

Hurty developed t h e  f i r s t  modal synthesis method capab le  of  ana lyz ing  

s t r u c t u r e s  with redundant i n t e r f a c e  connections i n  r e f e r e n c e s  1 and 2. He 

t r e a t e d  t h e  s t r u c t u r e  as an  assembly of connected components, or subs t ruc -  

t u r e s ,  each of which is analyzed sepa ra t e ly  t o  d e r i v e  a set  of  modes or d i s -  

placement shapes from which a s e t  of  genera l ized  coord ina te s  a p p l i c a b l e  t o  

the  complete s t r u c t u r e  i s  synthes ized .  Craig and Bampton ( r e f .  3) s impl i -  

f i e d  k r t y ' s  formula t ion  by combining two groups of c o o r d i n a t e  f u n c t i o n s  

which Hurty had def ined  s e p a r a t e l y .  A number of  survey papers  have been 

w r i t t e n  by Hou, Goldman, Benf ie ld  and Hruda i n  r e f e r e n c e s  4 t o  7. S o m e  

methods are found t o  be more s u i t a b l e  for c e r t a i n  a p p l i c a t i o n s  t h a n  o t h e r s .  

Yet, 

ove r  

l a s t  

t ion  

exper ience  has  shown t h a t  no s i n g l e  approach i s  g e n e r a l l y  p r e f e r r e d  

t h e  o the r s .  

The complexity of aerospace s t r u c t u r e s  increased  enormously du r ing  t h e  

two decades.  

( r e f .  8 )  i n  t h a t  it i s  an evolving s t r u c t u r e  t h a t  cannot  be  ground 

A new cha l l enge  is presented by t h e  proposed space  sta- 

t e s t e d  because f i n a l  c o n f i g u r a t i o n  may not b e  known when t h e  f i r s t  component 

is put i n t o  space.  Therefore ,  t h e  component mode synthesis method may be  

a p p l i e d  f o r  t h e  dynamic a n a l y s i s  of  such l a r g e  s t r u c t u r e  system i n  space.  A 

widely used t o o l  f o r  s t r u c t u r a l  ana lys i s ,  t h e  NASTRANe computer program, 

c o n t a i n s  a modal s y n t h e s i s  c a p a b i l i t y  but,  o t h e r  t han  the  demonst ra t ion  

problem presented i n  r e f e r e n c e  5, l i t t l e  is  pub l i c ly  known about  i t s  

c a p a b i l i t i e s .  

The purpose of the  present  r e p o r t  is t o  examine some of  t h e  c a p a b i l i -  

t i e s  of t h i s  program. This  i s  done by examining two s imple  problems, a 

t r u s s  and a beam. 

NUMERICAL EXAMPLES 

The modal s y n t h e s i s  procedure i n  NASTRANB i s  a p p l i e d  t o  two s imple  

s t r u c t u r e s .  One i s  a redundant t r u s s  confined t o  l i e  i n  a p l ane  b u t  f r e e  t o  

move i n  t h i s  plane.  It i s  composed e n t i r e l y  of ROD elements  (no bending 

s t i f f n e s s  f o r  a l l ) .  This  example i s  used t o  examine convergence c h a r a c t e r -  
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i s t i c s  of  t h e  modal s y n t h e s i s  procedure and a l s o  t o  i l l u s t r a t e  t h e  t r a n s i e n t  

response c a p a b i l i t y  a l l  t h e  way down t o  obta in ing  stresses i n  rod members 

a s  a f u n c t i o n  of t i m e .  The second example i s  a f r e e - f r e e  beam. It i s  used 

t o  examine d i f f e r e n t  ways t o  "combine" s u b s t r u c t u r e s  t o  y i e l d  frequency f o r  

t h e  t o t a l  s t r u c t u r e .  

Truss Example 

The redundant t r u s s  example i s  t h e  one used i n  r e f e r e n c e  5 t o  compare 

e i g h t  d i f f e r e n t  modal s y n t h e s i s  procedures. The f u l l  t r u s s  model i s  shown 

i n  f i g u r e  l ( a >  and i t s  two components shown i n  f i g u r e  l ( b ) .  Component A 

c o n s i s t s  of f i v e  equal  bays and h a s  a t o t a l  of 18 j o i n t s .  

s is ts  of four equal  bays and has a total  of 15 j o i n t s .  A l l  members i n  t h e  

components have i d e n t i c a l  p r o p e r t i e s .  A t  t h e  i n t e r f a c e  of t h e  components i n  

t h e  f u l l  t r u s s  model, t h e  v e r t i c a l  member has  twice t h e  a r e a  of o t h e r  mem- 

b e r s .  

along with t h e  prescr ibed  load f o r  a t r a n s i e n t  response a n a l y s i s .  An addi-  

t i o n a l  r u n  w a s  made w i t h  t h e  f u l l  model subdivided i n t o  t h r e e  components 

w i t h  t h r e e  bays i n  each component. 

Component B con- 

Basic  geometr ic  and m a t e r i a l  p r o p e r t i e s  a r e  presented  i n  t a b l e  I 

The b a s i c  run sequence and s u b s t r u c t u r e  o p e r a t i o n  a r e  shown i n  f i g u r e  

2. In t h e  f i g u r e  c a p i t a l i z e d  l e t t e r s  i n s i d e  of r e c t a n g u l a r  b locks  i n d i c a t e  

names of psuedos t ruc tures  used i n  t h e  ana lys i s .  C a p i t a l i z e d  l e t t e r s  ad ja-  

c e n t  t o ,  o r  on, t h e  flow diagram i n d i c a t e  t h e  names of  modules t h a t  perform 

a c e r t a i n  f u n c t i o n  i n  t h e  computer program. A t  t h e  top  of  f i g u r e  2, t h e  

Phase 1 o p e r a t i o n s  formula te  t h e  f i n i t e  element s t i f f n e s s  and mass m a t r i c e s  

us ing  Rigid Format 2. For t h e  convergence s tudy  t h e  Phase 2 runs on Rigid 

Format 3 were repea ted  us ing  a d i f f e r e n t  number o f  modes from t h e  i n d i v i d u a l  

components. Also Phase 2 runs were using f r e e  i n t e r f a c e  modes a s  w e l l  a s  

t h e  f i x e d  i n t e r f a c e  modes. A l i m i t e d  amount of d a t a  i s  p r e s e n t e d  f o r  t h r e e  

components and n a t u r a l l y  a Phase 1 r u n  must b e  made f o r  t h i s  component. 

A t r a n s i e n t  response a n a l y s i s  was made on t h i s  f r e e - f r e e  t r u s s  s t r u c -  

t u r e  f o r  an  a x i a l  load appl ied  t o  t h e  r i g h t  end o f  t h e  t r u s s .  

appl ied  f o r  0.12 seconds and then removed. I n  o r d e r  t o  apply  a load  a t  g r i d  

poin t  42 i n  component B ,  t h i s  g r i d  point  must b e  included on a BOUNDARY 

The l o a d  was 
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card .  

po in t .  The s t r u c t u r e  was represented  by e i g h t  modes from component A, s i x  

modes from component B ,  and t h e  e i g h t  i n t e r f a c e  modes f o r  a t o t a l  o f  twenty- 

tw modes. The modes for  t h e  ind iv idua l  component were determined w i t h  t h e  

i n t e r f a c e  f ixed .  The s tandard  procedure w i l l  o b t a i n  displacements  back i n  

t h e  i n d i v i d u a l  component. However, member forces  and stresses are n o t  de- 

termined au tomat ica l ly ,  bu t  can b e  obtained through a s imple  procedure i n  a 

few s t e p s .  In t h e  f i r s t  s t e p  a run i s  made with D U G  1 7  turned  on t o  put  

t h e  IIMAP sequence on t h e  punch f i l e  w i t h  a n  EXIT scheduled a f t e r  s t a t e m e n t  

1. A s m a l l  s u b s t r u c t u r e  deck i s  included t o  allow t h e  a p p r o p r i a t e  commands 

t h a t  i n t e r f a c e  t o  t h e  S u b s t r u c t u r e s  Operating F i l e  (SOF) t o  b e  genera ted .  

This punch f i l e  is subsequent ly  saved and a l t e r e d  t o  r e p l a c e  t h e  RECOVER 

module w i t h  t h e  SDR2 module which can  recover element f o r c e s  and stresses. 

The l i s t i n g  of t h i s  DMAP sequence and run stream i s  conta ined  i n  Appen- 

d i x  A. 

Thus, a d d i t i o n a l  degrees  of  freedom are c r e a t e d  corresponding t o  t h i s  

Beam Example 

This example c o n s i s t s  of a beam composed of seven components a s  shown 

i n  f i g u r e  3 ( a ) .  

p r o p e r t i e s .  Each component c o n s i s t s  of t e n  equal  elements and h a s  a t o t a l  

o f  11 j o i n t s  as shown i n  f i g u r e  3 ( b ) .  Basic geometr ic  and m a t e r i a l  

p r o p e r t i e s  f o r  each subbeam a r e  presented i n  t a b l e  11. A lumped mass 

formula t ion  i s  used (no r o t a r y  i n e r t i a )  and, t h e r e f o r e ,  t h e r e  a re  213 

s t i f f n e s s  degrees  of freedom i n  t h e  problem, but  only 142 e igenvalues .  

A l l  subbeams have a constant  l e n g t h ,  area and uniform mass 

Three d i f f e r e n t  ways of "combining" s u b s t r u c t u r e s  are i l l u s t r a t e d  i n  

f i g u r e s  3 ( c ) ,  3 ( d ) ,  and 3 ( e ) .  

opera t ions  f o r  each case a r e  shown i n  f igures  4 t h r u  6 .  For a l l  c a s e s ,  t h e  

s u b s t r u c t u r i n g  Phase 1 o p e r a t i o n s  formulate t h e  f i n i t e  element s t i f f n e s s  and 

mass mat r ices  for subbeam A us ing  Rigid Format 3. The s t r u c t u r a l  m a t r i c e s  

contained i n  BBASIC, CBASIC, ..., FBASIC a r e  genera ted  a s  needed by u s i n g  

E Q U I V  opera t ion .  The b a s i c  subbeams a r e  reduced t o  modal c o o r d i n a t e s  and 

combined t o g e t h e r  fol lowing t h e  procedures shown i n  f i g u r e s  4 t h r u  6 .  

eigenvalues  of t h e  t o t a l  beam a r e  obtained by us ing  t h e  MRECOVER command. 

The d r i v e r  decks and sample bulk d a t a  for  cases 1, 2 and 3 are  l i s t e d  i n  

Appendices B, C and D. Only f ixed  i n t e r f a c e  modes were used b u t  two se t s  o f  

r u n s  were made us ing  a d i f f e r e n t  number of modes from t h e  subbeams. 

The b a s i c  r u n  sequences and s u b s t r u c t u r e  

The 
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For a s s e s s i n g  t h e  accuracy of t h e  modal s y n t h e s i s  procedure,  t w o  and 

t h r e e  t r u s s  components w i t h  f i x e d  o r  f r e e  i n t e r f a c e  connec t ion  a r e  r u n  t o  

determine f requencies  and compared t o  r e s u l t s  f o r  f u l l  model. Percentage  

e r r o r s  i n  frequency f o r  t h e  combined systems of 12, 20, 28 and 36 degrees  of  

freedom are shown i n  t a b l e s  111 t h r u  V I .  Here degrees  of freedom i n c l u d e  

n o t  only t h e  nunber of f l e x i b l e  modes used b u t  a l s o  any i n t e r f a c e  modes. 

Thus, f o r  example, f o r  12 degrees  of freedom r e s u l t s ,  s i n c e  t h e r e  a r e  s i x  

i n t e r f a c e  modes, only s i x  f l e x i b l e  modes can  b e  shown. 

frequency c r i t e r i o n  then four  modes were chosen from component A and t w  

modes from component B.  

Based on t h e  lowest  

Figures  7 thru  11 are nondimensional p l o t s  t h a t  i n d i c a t e  t h e  r e l a t i v e  

accuracy obta ined  by modal s y n t h e s i s  procedures. 

a r e  r e s u l t s  taken d i r e c t l y  from reference  5 i n  which several o t h e r  proce- 

d u r e s  a r e  compared. From f i g u r e s  7 t o  10 i t  can b e  s e e n  t h a t  modes d e r i v e d  

with t h e  i n t e r f a c e s  f ixed  y i e l d  b e t t e r  r e s u l t s  than modes d e r i v e d  wi th  t h e  

i n t e r f a c e  f r e e .  

Also shown on t h e  f i g u r e s  

For the  t r a n s i e n t  response run  t h e  percentage e r r o r  i n  displacement  f o r  

g r i d  p o i n t s  41, 42, and 43  of component B are s h a m  i n  t a b l e  VII. These 

r e s u l t s  were produced from t h e  20 degrees of freedom model. The a x i a l  f o r c e  

i n  elements 111-113 and 143 of component B a r e  shown i n  t a b l e  V I I I .  

The f u l l  beam shown i n  f i g u r e  2 was run  t o  determine i t s  n a t u r a l  f r e -  

quencies  and used a s  a comparison of r e s u l t s  ob ta ined  w i t h  t h e  v a r i o u s  "com- 

b ina t ion"  procedures.  

t h e  v a r i o u s  "combination" procedures when 6 2  degrees  of freedom are  used. 

These 62 degrees of freedom correspond to approximately 47% of  t h e  t o t a l  

degrees  of  freedom i n  t h e  f u l l  model. 

y i e l d  good r e s u l t s .  

t i m e  than t h e  o t h e r  two c a s e s  (53.8 CPU seconds corresponds t o  65.3 seconds,  

59.1 seconds, r e s p e c t i v e l y ) .  Another run f o r  case 1 was made u s i n g  19% of 

t o t a l  degrees  of freedom, and 55% frequencies  were obta ined  w i t h  less  t h a n  

1% e r r o r  i n  frequency. 

Table IX shows the percentage e r r o r  i n  frequency f o r  

All t h r e e  "combination" procedures  

However, case  1 uses cons iderably  less CYBER 75 CPU 

5 
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Table  I. Truss  Geometric and Material  P r o p e r t i e s  

Ty i c a l  frame width 
[see f i g .  l ( b ) )  

a = 1.015 m (40")  

I 

Ty i c a l  frame he igh t  
(see f i g .  l ( b ) )  

h = 0.762 m (30") 

Cross-sec t iona l  area of 
members 

A = 1.935 cm2 (0.3 i n 2 )  

Young's modulus E = 1 . 4 2 2 ~ 1 0 ~  K (10' p s i )  3 
Density 

2 
P = 272.517 Kg-sec 

4 m 1 ( 2 . 5 ~ 1 0 ~  lbf-sec2 ) 
i n 4  

Trans i en t  loads  P42 = 2.2x103Kg(1031bf) O<t<O.l2S 

0 t > O .  12s 
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Table 11. Beam Geometric and Material Propert ies  

Ty i c a l  component length 
[see f i g .  3(b))  

Cross s e c t i o n  of  beam 

I 
Young's modulus 

Density 

1 Total  beam length  

1 = 2.54 m (100") 

A 3 3.613 cm2 (0.56 i n 2 )  

1 . 4 2 2 ~ 1 0 ~  K (107ps i )  3 
L = 15. 78 m (700") 

9 



Table 111. Frequency f o r  F u l l  Truss and Percent Error i n  Frequency 
f o r  'ho Modal Synthes is  Models Using 1 2  Degrees o f  Freedom 

Free I n t e r f a c e  
(%I  

Mode No. F u l l  Truss Fixed I n t e r f a c e  
( % I  

1 65.7771 

3 

4 

5 

2 

175.5505 

202.7780 

2 60.3387 

136.3306 

2 1 . 9  

7 . 3 5  

3 . 4 9  

0 .0314  

o . o i 9 a  

0 .0536 

6 

8 

316.2614 

347.1668 

7 

142.05  

~~ 

334.1522 

6 .439  

9 3a8.1286 

29 .  aa 0 .0015 

4 . 3 2  0 .0022 

5 . 1 2  0 .0227 

4 . 2 1  

I 

183.78  0 . 9 7  

10 



Table I V .  Frequency € o r  F u l l  Truss and Pe rcen t  E r r o r  i n  Frequency f o r  'ho 
Modal Syn thes i s  W d e l s  Using 20 Degrees of Freedan 

Free  I n t e r f a c e  
(XI 

I 

Fixed I n t e r f a c e  
(XI 

1 1 1 65.7771 19.23 

2.82 

8 .2  p 
202.7780 

0.00074 

0.00044 

0.0087 
I 

0.0087 

I 0.0091 I -0.00355 

2.67 

6 

7 

8 

9 

~ ~ ~~ ~~ 

-0.03 588 316.2614 2 .o 0.0078 

334.1522 0.65 0.75 0.00521 

347.1668 3.9 0.088 0.00469 

388.1286 0 .3  0 .23  -0.01105 

3 Components 
Fixed I n t e r f a c e  

10  

11 

~~ 

0.00351 

394.1834 0 . 3  0 .1  -0.00029 

414.9853 1 . 9  0.18 -0.00924 

-0.03425 

1 2  

13  

14  

-0.0091 5 

451.2226 5.57 0.078 -0.00182 

466.3475 8 .5  0.14 0.00130 

504.7402 7 . 8  0.41 0.01524 

9.02232 

15  

16 

1 5 I 269.3387 

507.2363 39.7 1.32 0.03394 

537.3632 58.4 2.0 0.01038 

2.23 

17 575.3048 114.65 0.7 0.00005 

11 
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Table VIIL. The Axial Force in Elements of B Substructure 

0 .o 

282.6908 

304.9388 

254.5 373 

223.7419 

T ime  s 

0 .o 

235.1038 

252.9327 

179.1082 

137.4126 

111 

0 .o 

951.0315 

1021 .ooo 

1021.209 

959.688 

~~ ~ 

0.0 

0.003 

0.006 

0.009 

0.012 

0 .o 

185.0618 

199.0282 

177.9509 

159.4311 

Times 

0 .o 

0.003 ' 

0.006 

0.009 

0.012 

I Element No. 

0 .o 

235.1038 

252.9327 

179.1082 

137.4126 

141 

0 .o 

185.0618 

199.0282 

177.9509 

159.4311 

112 113 I 

Element No. 

142 143 

15 
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ABAS I C 

MREDUCE MREDUCE 

7 

Eigenvector Q 
MREDUCE MXECQVER 

MC0MB 

Eigenvector 

MC!BMB 

SOLVE 1 
Transient 
Data 
RTRUSS 

Transient 

ABASIC 

Transient 

BBASIC I Displacement Displacements . 
RECOVER 

I Transient Transient 1 
ABASIC I FORCES Data I BBAS IC 

1 
Runs 1 and 2 
Phase 1, RF2 

J 

F.un 3 
Phase 2, RF3 

1 
Run 4 

Phase 3, RF9 

1 
Run 5 

Figure 2. Substructure Formulation Tree and Solution Sequence 
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17.78 m 
(700")  

A I B I C I D I E 1 F I G 1 
(a) Total beam model. 

(b) Representative. finite element model of any component. 

(c) Case 1 - All components combined simultaneously. 

I I I 
AB C 

I I I 

ABC u 
I n J 

ABCD E 
I rn 1 

ABCDE F 
I 

~ ~ I I 

ABCDEF G 

(d) Case 2 - Components combined sequentially. 

1 I 1 I I 1 
AB CD EF G 

I I 1 
ABCD EFG 

(e) Case 3 - Components combined in pairs. Pairs then combined sequentially. 

Figure 3. Total Beam Model and Various Subdivided Representations. 
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APPENDIX A .  Driver decks and s a m p l e  bulk d a t a  f o r  two components 
t r u s s  problem. 

NASTHAN FILES = UYF B COC AND I d M  
ID OE!dLO31,NASTRAhj  
4PP 01 SiJ 9 suds 
SOL 2 9 0  
T I v E  3 
CE\IO 
SU8STHUCTURE PHAbE1 
PASSJOKD = VlOCSYN 
SOF(1)  = F T l Y q 3 O O v N E W  3 CDC AND IBM 
N A V E  = A a P S I C  
SOFPRIhlT TOC 
EN 0 S u H S 
T I T  E = TWUSS DYNAMIC A N A L Y S I S  U S I N G  AUTOMATED MOOAL SYNTHESIS  
LA& = S U ~ S T R U C T U R E  1 9  RUN 1, PHASE 1, RF 2 
S U ~ T I T L E  = hASTRAN DEMONSTRATION PHOdLEM NO. 2-3-1 
aEGIN dULK CROO 1 

cncm 
CROO 

CH6D 
CHOO 
CROG 
CROO 
CROO 
CROO 
CROO 
CROD 
CRdD 
CROD 
GR 0 S E T  
G H I O  

2 
11 
12 
2 1  
22 
31  
3 1  
4 1  
42 
51 
52 
111 
112 
113 
111 
122 
123 
131  
132 
133 
141  
142 
143 
151  
152 
133 
212 
2 2 1  
2 1 1  
222 
231  
232 
241 
242 
25 1 
252 
1 
2 
3 
11 
li 
13 
21 

1 1 
1 2 
1 11 
1 12 
1 2 1  
1 22 
1 3 1  
1 32  
1 4 1  
1 42 
1 s1 
1 SZ 
1 1 
1 2 
1 3 
1 11 
1 12  
1 13 
1 2 1  
1 22 
1 23 
1 3 1  
1 32 
1 33 
1 4 1  
1 42 
1 43 
1 2 .  
1 12 
1 2 
1 12 
1 22 
1 22 
1 32 
1 32 
1 42 
1 42 

00  
.i) 
.Q 
40.0 
43.0 
40.0 
0o.r) 

-30.0 . O  
0 0  0 0  
30.0 0 0  
- 3 0 . 0  .o 
0 0  00 
30.0 - 0 0  
-30.0 . O  

3436 

30 



G R I G  22 
GRID 23 
G K I L I  31 
G R I D  32 
G R I O  33 
G R I D  41 
G R I D  42 
G R I D  4.3 

GR I D  
G R I O  s3 
MAT 1 1 
PROD 1 
ENDOATA 

G R I D  s~ 5 1  

10.0+6 
1 

80.0 
80.0 
12U.0 
120 .0  
1 2 0 . 0  
160 .0  
160 .0  
1 6 0 . 0  
2 0 0 . 0  
200 .0  
200.0 

03 

0 0  
30.0 
-30 0 
00 
30.0 
-30 . 0 
00 
30.0 
-30.0 
00 
3 0 . 0  
03 

b 
NASTRAN F I L E S  = UMF B CDC AND IBM 
I D  OEY2032vNASTRAN 
APP DISP*SUt3S 
SOL 2 9 0  
T I M F  3 

'RUCTURE P 
ORD = MOL 

= F T l Y ,  
= B B A S I C  
I V T  TOC 
BS 

= TRUSS 
= h A S  

TbESUBSTFI 
~ U L K  

b 
NASTRAN F I L E S  = UMF B CDC AND IBM 
I D  OEY2032vNASTRAN 
APP DISP*SUt3S 
SOL 2 9 0  
T I M E  3 
CE!UD 
SUBSTRUCTURE PHi4SE1 
PASSMORD = MOLSYN 
S O F ( 1 )  = F T l Y , b i ) O  $ COC AND I B M  
NAME = B B A S I C  
SOFPRIVT TOC 
ElvOSUBS 
T I T t E  = Ti?USS DYNAMIC A N A L Y S I S  US1  
SUt3 I T L E  = hASTRAN DEMONSTRATION P 
L A B E L  = SUBSTFIUCTURE 2, RUN 29 PHA 
8 E G I N  ~ U L K  - 
CROD 

CROO 
m o o  

CROO 
CROD 
CROD 
CROD 
C R O O  

CROD 
CROD 
C R O O  
CROD 
CROD 
CkOD 
CROO 
CROD 
CHOD 
CRQO 
CROD 
CROO 
CROO 
CROD 
crioo 
CHOO 
GROSET 
G R I D  
G R I D  
G R I D  
G R I D  
G R I D  

c a m  

i 
11 
1L 
2 i  
22 
31  
32 
41 
42 
111 
1 li! 
113 
121 
122 
123 
131 
13L 
133 
141 
142 
1 4 3  
211 
212 
22 1 
222 
231 
232 
241 
242 
1 
2 
3 
11 
12 

DYNAMIC 
TRAN DE4 
UCTURE L 

1 1 
1 2 
1 11 
1 12 

21 
22 
31 1 

1 32 
1 41  
1 42 
1 1 
1 2 
1 3 
1 11 
1 12 
1 13 
1 2 1  
1 22 
1 23 
1 31 
1 32 
1 33 
1 2 
1 t? 

1 12 
1 12 
1 22 
1 22 
1 32 
1 32 

i 

S I S  U S I N G  AUTOMATED MODAL SYNTHESIS  
ATION PROBLEM NO. 2-3-2 

29 PHASE 1, R f  L 

3 0 . 0  
0 0  
-30.0 
30.1) 
.Q 

0 0  0 0  
00 0 0  
00 00 
40.0 0 0  
40.0 0 0  

3436 
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GRID 
G R I D  
G R I D  
G K I O  
G R I D  
G R I D  
GHIC) 
G K I O  
G R I D  
G U I D  
M A T 1  
PROD 
ENDUATA 

13 
21 
22 
23 
31 
32 
33  
41 
ur! 
43 
1 
1 

&I 

NASTRAN F I L E S  = 
I D  O k ~ L 0 3 3 r  
APP D I S P I S U d S  
SOL 390 
TI*.iE S 
CENd 
SUBSTRUCTURE PHA 
PASSiJOCiO = MDLSY 
S O F ( 1 )  = F T 1 3 9 2 3  
OPTIONS K9MqP 
SOFPRINT T O C  
MREDUCE A d A S I C  

NAME M A  
aOUNOARY '5 
F I X E D  S 

METHOD 19 
OUTPUT 195,699, 

SOFPR NT TOC 
M R E D U ~ E  a w x c  - 

NAME rl8 
dOUNDARY 4 

F I X E D  4 
METHOD 29 

OUTPUT 1 9 S 9 6 9 ' 9 9  
S O F P R I N T  TOC 
MREDUCE C d A S I C  
NAME MC 
BOUNDARY 7 
F I X E D  7 
METHOD 39 

OUTPUT 1,596999 
SOFPRINT TOC 
COWBINE MAqMBqMC 

NAME MCObiEl 
TOLERAtVCE 0.001 
OUTPUT 2,7912 

1 0 . 0 + 6  
1 

UMF n 
NASTH 

,SE2 
N 
O S C  

1 0  

1 0  

10 

- 3 0 . 0  
30.0 
0 0  
-30.0 
3 0 . 0  
. O  
-30.0 
30.0 
.u 
-30.0 

03 

4-0 . 0 
80.0 
80.0 
80.0 
120.0 
120.0 
12u.0 
1b0.0 
160.0 
160.0 
a 3  

CDC AND I B M  
AN 

DC AND I B M  

COMPONENT MK 
TRANSFOdM LO 

THANSFO2M 40 
COMPONENT MC 

SOFPHINT TOC 
MREDUCE MCOMB 

h4ME RTHUSS 
BGUNOARY 4 L  
METYOO 9 0  
NYAX 18 
OUTPUT 1 9 5 9 6 9 3 9 1 0  

SOFPRINT T O C  
EhDSUi3S 
T I T  E = TEUSS DYNAMIC A N A L Y S I S  USING AUT 
S U f 3 t I T L E  = NASTRAk DEi4OhSTHATION PROELEM 
L A B E L  = MODAL REDUCE9 COMEINE, H O D A L  RE!: 
B E G I N  dULK 

OMAT 
NO 

O V E R  

ED M O O A L  
2-3-4 

Y ,  HUN 4 9  

SYNT 

PHA 

HESIS 
SE 2 ,  R f  3 

32 



42 d i3ASIC 42 
4 t3dASIC 3 

1 aovc 3 A d A S I C  1 
7 C B A S I C  2 

, 6 D Y S l  3 12 1 2 3 31 
1 BOYS1 1 

d O Y C  
BDYC 

BDYC 
31 32 33 

32 
12 

1 CONO P1, JUMPPLOT B 
P L T S E T  P C D B r E ~ E X I N , E C T / P L T S E l X ~ P L T P ~ K ~ G P S E T S , E L S € T S / S ~ N ~ ~ S I L / S ~ N ~  

PHTMSG PI TSETX/ /  $ 
JUMPPLOT=-l  5 

d D Y S 1  2 12 1 2 3 

+ E l  M A X  

M A X  +E+ 

2 
1 0 0 0 0 . 0  b 

I d D Y S 1  42 1 I E I G R  19 G I V  0 0  

~ E I G R  33 G I V  b o  10000.0 0 

6 I E I G K  29 G I V  10000.0 

G I V  10000 .0  20 
M a X  

2 O O e O  30.0 0.0  
2 4 0 . 0  30.0 e 0  

TRANS 40 2 4 0 . 0  e 0  0 0  240.0 0 0  

ENDDATA 
d 

2 4 0 . 0  -130.0 0,O 

33 

+ E l  

+ E 4  

+E3 

* E 2  

l e  + T 2  

1.0 + T 1  . .  

~~ I PARAM / / * M P Y * / P F I L E / O / U  0 
CON0 P ~ ~ J U M P P L O T  s 
PLOT PLTPAR,GPSETS,El S E T S ~ C A S E C C t B G P O T ~ E Q E X I N ~ S I I  , ,ECT, , /P IOTXl /  

PRTMSG PI O T X l / /  5 
NSIL/LUSET/S,N,JUMPPLOT/S,N,PLTFLG/S,N,PFILE B 

33 
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I I JUMP F I N I S  5 

CFqD 
SUBSTRUCTURE PHASE3 
PASSMORO = MOL SYN 

@E ERROR1 B I LETPbHM / / - l / * D I R T R O *  B 

~ PURGF DUMMY/AI WAYS S 

1 T I T I  F = Tt?USS OYNAMI c A N A l Y S I S  U S I N G  AUTOMATED M O O A l  SYNTHFSIS  
D L O A D  = 1 0 1  

FP = 4 0  

I CRr]D 71 A 21 23 
I CRnD 22 1 32 33 

31  1 3 1  32 I 

32 1 32 33 
I CRoD 

1 CROD 42 1 42 43 
I C R O D  111 1 1 11 

112 1 2 13 
113 1 3 13 

I CROO 121 1 11 21 
CROO 122 1 12 22 

' CROO 123 1 13 23 
12.1 1 21 3 1  
132 1 22 I -..!awQ 3? 

' CRQO 133 1 23 33 
141 1 31 4 1  
142 1 32 4) 

3-1 43 1 33 4 7  - 
-1 2 1 ? 1 7  

CROD 21 1 1 z 11 
CROO 221 1 12 21  
CROD 222 1 12 23 

CRQD 231 1 22 31 
CROO 232 1 22 33 
CROO 241 1 32 41 
CROO 242 1 32 43 
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I APPENDIX A.  (concluded) 

G R I D  L - 0  0 . 
G R I D  3 -30.0 .o 

1 G R I D  1 1  30 .0  40.0 . 
G R T n  l?  - 4 0 - 0  
G R I D  13 -30.0 40.0 . 

, G R I D  33 -30.0 120 .0  .o 
G R I D  4 1  30 .0  160.  1) . o  

I FOF 
11.30.27.UCI P ,  001 PO09489 0.423Kl NS. 
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APPENDIX B. Driver  decks and sample bu lk  d a t a  f o r  beam prob%em of case 1. 

NASTRAN F I L E S  = UMF 0 CDC AND I 6 M  
I D  DEMZ0319NASTRAN 
APP DXSP9SUBS 
SOL 390 
T I Y E  3 
CEND 
SUBSTRUCTURE PHASE1 
PkSSdOFiO = MDLSYN 
SOF(1) 0 F T 1 7 9 5 0 0 , N E d  B CDC AND I B M  
NAME = A B A S I C  - 
SOFPRINT TOC 
ENaSUBS 
T I T L E  = BEAM DYNAMIC A N A L Y S I S  U S I N G  AUTOMATED MODAL SYNTHESIS 
L A B E L  = SUBSTRUCTURE 1 9  RUN 1, PHASE 1 9  R 6  2 
B E G I N  BULK 
BARnR 
Cenii" 
CbAR 
CBAR 
C8AR 
CBAR 
CBAR 
CBA9 
CBAR 
CaAR 
CBAR 
GRDSET 
G R I D  
G R I D  
G R I D  
G R I D  
G R I D  
G R I D  
G R I D  
G R I D  
G R I D  
G R I D  
G R I D  
P84R 
M A T 1  
ENDDATA 
6 

1 f 
2 1 
3 1 
4 1 
5 1 
6 1 
7 1 
El 1 
9 1 
1 0  1 
1 
2 
3 
4 
5 
6 
7 
0 
9 
L O  
11 
1 1 

i 16.0+6 

1 z 
4 
5 
6 
7 
8 
9 
1 0  

3 

NASTRAN F I L E S  = UMF S CDC AND 
I D  DEM2032qNASTRAN 
APP DISPISUBS 
SOL 3 9 0  
T I M E  5 
CEND 

E2 

3 COC 
I C  

10.0 10.0 . .  . 0.0  1 
2 
3 
0 
5 
6 
7 

8 
9 
10 
1 1  

IBM 

AND I B M  

343 
0 .  
0. 
0 .  
0. 
0. 
0. 
0 .  
0. 
0. 
0 .  
0. 

2,591-4 

IC 
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APPENDIX B. (concluded) 
1 F I X E D  2 

METHOD 2 
l MHEDUCE G B A S I C  

NAME MG 
1 BOIJNDARY 3 

FIXED 3 
METHOD 3 
EQrJ IV MBgMC 
P R E F I X  C 
E Q U I V  M6,MD 
P R E F I X  D 
E Q U I V  Mf3,ME 
P R E F I X  E 
E Q U I V  MB,MF 
P R E F I X  F 
COMBINE MAqMB 
NAYE AHCDEFG 

OUTPUT 2 9 7 9 l 2  
COYPONENT M d  
TRANSFORM 2 
COMPONENT MC 
TRANSFORM 3 
COYPONENT MD 
TRANSFORM 4 

TOLERANCE 0 . 0  

YFqMG 

Y S I S  USING AUTOMAT 

INE,MODAL,RECOVERY 
,TRATION PROBLEM NO 

I 

COYPONENT ME 
TRANSFORM 5 
COMPONENT MF 
TRANSFORM 6 
COMPONENT MG 
TRANSFORM 7 
MREDUCE AUCDEFG 
NAME BEAM 
BOUNDARY 2 0  
METHOD 22 
OUTPUT 1r5,6,3,10 
SOFPRINT TOC 
ENDSUBS 
T I T  E=BEAM DYNAMIC A N A  
S U B f I T L E = N A S T R A N  DEMONS 
LABEL=MODAL REDJCE,COMB 
B E G I N  BULK 
BDYC L B 6 A S I C  5 0  
m y c  3 GBASIC 4 0  
BDYC 2 0  A B A S I C  30 
B D Y S l  3 0  126 11 
BOYS1 40 126 1 
BOYS1 5 0  126 1 
TRANS 2 1 0 0 ,  
+ T 2  1SOm Om O m  
TRANS 3 200, 
+ T 3  250. 0. O m .  
TRANS 4 300, 
+ T 4  350, O m  O m -  
TRANS 5 400. 
+ T 5  4SO. 0 .  0. 

11 
0,  

T R 4 Y S  
+ T 6  
TR4NS 
+ T 7  

6 
550 
7 
650. 
1 

O m  

0. 
I N V  

I N V  

E I G R  
+ E l  M A X  
E I G R  2 
+E2 M A X  

+E3. M A X  

L +E22 M A X  
ENDOATA 

1 E I G R  3 I N Y  
' E I G H  22 I N V  

500. O m  0 
O m  
6 0 0 ,  0 ,  0 
O m  4 3000 .00  1 
.o 3 0 0 0 . 0 0  1 
.(! 3 ~ 0 0 0 . 0 0  1 

. o  2000mO 4 

ED Y 

9 RUN 
2- 

e 

0 

0 

NODAL SYNTHESIS  
3-2 
2vPHASE2 

100,  O m  

200 .  0. 

3 0 0 .  0. 

400m 0. 

500m 0 m  

6 0 0 .  0. 

1 0  

10 

1 0  

40 

1 m  

1 m  

1. 

l m  

1 m  

1. 

+ T Z  

+T3 
+ T 4  

+ T S  

+ T 6  

* T 7  

+El 
+E2 

+E3 

+ E 2 2  
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APPENDIX C. Driver decks and sample bulk d a t a  f o r  beam problem of case  2 .  

NASTRAN F I L E S  = UMF S CDC AN0 I B M  
I D  DEM2031,NASTRAN 

SOL 3 , u  
T I M E  3 
CEMD 

IORD = MDLSYN-- 
- -  

1 = FT17rb00,NEW B CDC AND I B M  
PASSW 
SOF ( 1 
NAME = A U A S I C  
SOFPRINT TOC 
ENDSUHS 
T I T L E  = BEAH DYNAMIC A N A L Y S I S  
L A B E L  = SUBSTRUCTURE 1, RUN l r  
B E G I N  BULK 
BAROR 1 
C64R 1 1 1 
CBAR 2 1 2 
CBAR 3 1 3 

I 

USING 
PHASE 

AUTOMATED 
1, R 6  Z 

10.0 

MOOAL 

10.0 

SYNTHIESIS 

0.0 1 
2 

3 
4 

CUAR 4 1 4 5 
CBAR 5 I 5 6 
C84R 6 
CBAH 7 
C 8 4 Y  8 
CBAR 9 
CBAR 1 0  
GRDSET 
G R I D  1 
GWID 2 
G R I D  3 
G R I D  
G R I D  5 
G R I D  
G R I D  7 
G R I D  8 
G R I D  9 
G R I D  1 0  
G R I D  11 
PBAR 1 
MAT1 1 
ENOOATA 

6 
7 
8 
9 
1 0  

7 
0 
9 
1 0  
11 

343 
0 0  
0 0  
0 0  
0. 
0. 
0. 
0. 
0.  
0. 
0. 
0 0  

2.s91-4  
1 

10.0+6 

b 
I NASTRAN F I L E S  = UMF $ CDC AND IBM 

ID DEM2032,NASTRAN 
APP D I S P 9 S U d S  
SOL 3 9 0  
T I M E  5 

TURE PHASE2 
= MDLSYN-  
F T 1 7 9 5 0 O  S COC AN0 

ASIC ISBASIC 
I B M  

A S I C q C B A S I C  

A S I C 9 O B A S I C  

A S I C q E B A S I C  

A S I C * F S A S I C  

A S I C q G 8 A S I C  

A d A S I C  
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dOdN 0 AR Y Z r) 
F I X E D  20 
METtfOD 1 

N A M E  M d  
BOLJNOARY 2 
FIXED L 

MREDUCE et3AsIc 

METHOD 2 
YREDUCE CUASIC 
NAME blC 
dO J N O A R Y  7 
F l X € D  7 
METHOD 2 
MREDUCE DBASIC 
NAME MD 
BOUNDARY 6 
FIXED 8 
METHOD 2 
MREDUCE EBASIC 
NAME ME 
BOUNDARY 9 
FIXED 9 
METHOD 2 
YREDUCE FBASIC 
NAME M F  
BOUNDARY 11 
FIXED 11 
METHOD 2 
MREOUCE GBASIC 
NAME MG 
BOUNDARY 3 
FIXED 3 
METHOD 3 
COMQINE M A g M B  
NAME AB 
TO ERANCE 0 . 0 1  

COMPONENT M d  
TRANSFOHM 2 
MREDUCE AH 
NAME MAB 
BOUNDARY 1 0  
FIXED 1 0  
METHOD 22 
COMBINE MABgMC 
NAME ABC 
TO ERANCE 0.01 
OUkPUT L 9 7 9 12 
COMPONENT MC 
TRANSFORM 3 
MREDUCE A 6 C  
NAME M4BC 
dOJNDAt4Y 2 1  
F IXE9  21 
METHOD 22 
COMBINE MABC9MD 
NAME At3CD 
T O  ERANCE 0.01 
OUiPUT 2 9 7 9 12 
COMPONENT MD 
TRANSFOHM 4 
MREDUCE AdCO 

OU t PUT 2,7912 

NAME MABCD 
BOJNDARY 22 
F I X E D  22 
METHOD 22 
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Y S I S  us1 
I T R A T I O N  
INE,MOOA 

50 
50  
30 
30  
3 0  
30  
so 
5 0  
30 
40 
5 0  
4 0  
30 
11 
1 
1 
300,O 
o m 0  
5 0 0 , o  
0 0 0  
1 0 0 ,  
0 0  
200 .  
0; - 
4 0 0 ,  
0 ,  

NG AUTOMATED MODAL SYNTr lESIS 
PROdLEM NO. 2-3-2 
L,RECOVSRY*RUNZ,PB S S 2  

DBASIC 30  

11 
0,O 0,o 3 0 0 a O  0,O 

0.0 0.0 so0,o 0.0 - 

0 ,  0. 2 0 0 ,  0 0  

0 .  0. 400, 0,  

l a 0  + T 4  

l a 0  + T 6  

1. +T#? 

1. + T 3  

I o  +TS 
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I APPENDIX C. (concluded) 

; I G R  2 
#E2  MAX 

*E3 M A X  
22 
M A X  

NOOATA 

[ I G R  3 
I N V  

I N V  

I N V  

0 0  

- 0  
0 0  

~ O O O O o O  10 

3 0 0 0 , 0 0  10 

1000.0 40 

. -  

6r>Oe--- - 0 0  -1 + l 7 '  
10 

10 

10  

40 *E22 

*El 
*E2 

+E3 

4 3  



APPENDIX D.  Driver decks and sample bulk data f r o  beam problem of case 3. 

CBAH 1 0  

GRID 2 
GRID 3 
GRID 4 
GRID 
GRID 6 
GRID 7 
GRID 0 
GRIO 3 
GWIO 1 0  
GRIO 11 
PBAt? 1 
M A T 1  1 
ENDDATA 

G R D S E T  1 

1 

1 
1 0 , 0 + 6  

CDC AN0 I t 3 M  
'N 

B CDC AND IBM 

ANALYSIS USING 
9 RUN 1, PHASE 

2 
3 
4 
5 
6 
7 

8 
9 
10  
11 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
O b  

O b  

0. 
0. 
63. 
e 3  

NASTRAN FILES = UMF B CDC AN0 I8M 
ID DEM20329NASTRAN 
APP OISP9SU8S 
SOL 3 9 0  
T I M E  1 0  - 
CEND 
SU8STRUCTURE PHASE2 
PASSWORO = MOLSYN 
S O F ( 1 )  = FT1795U0 S 
EQUIV ABASIC96dASIC 
PREFIX 8 
EQUIV ABASIC*CBASIC 
PREFIX C 
E Q U I V  ABASIC9DBASIC 
PREFIX 0 
EQUIV ABASICIEBASIC 
PREFIX E 
E Q U I V  ABASICvFYASIC 
PREFIX F 
EQUIV ABASICtGdASIC 
PREFIX G 
MREQUCE AdASIC 

CDC AND I8M 

AUTOMATED MOOAL SYNTHESIS 
1 9  Rb Z 

1 0 . 0  1 0 0 0  0.0 

3 4 3  
0. 
0. 
0 .  
0. 
0. 
0. 
0. 
0.  
0. 
0. 
0. 

2.391-4 
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NAME M A  
I3OuNDARY 20 
FIXED 2 0  

I 

METHOD 1 
YREDUCE BBASIC 
NAME Mt3 
8 0 J N O  A i?  Y 2 
FIXED 2 
METHOD 2 
WEDUCE ck iksrc  
NAME MC 
aO;JNDA8Y 7 
FIXED 7 
METHOD 2 
YREDUCE D8ASIC 
NAME MO 
~OUNDARY d 
FI%ED 8 
METHOD i! 
MREOUCE EBASIC 
NAME ME 
BOUNDARY 9 
FIXED 9 
METHOO 2 
MREDUCE FHASIC 
NAME M F  

FIXED 11 
METHOD 2 
MWEDUCE GBASIC 
NAME HG 
BOLJNDARY 3 
FIXED 3 
METHOD 3 
COMBINE MAiMB 
NAYE AB 
TO ERANCE 0 0 1  
OUbPUT 2,7912 
COMPONENT MB 
TRANSFORM i! 
MREDUCE AB 
NAME M A 8  
aOUNDAt?Y 1 0  
FIXED 1 0  
METHOD 22 
COMBINE MC 9MD 
NAME. CO 

OUTPUT 297912  
COMPONENT MD 
TRANSFORM 2 
MREDUCE CD 
NAME MCD 
BOdNOARY 1s 
FIXED 15 
METHOD 22 
COMBINE MEgMF 
NAME Ef 
TO ERANCE 0.01 
OU Li PUT 2,7912 
COMPONENT Mf 
TRANSFORM 2 
NAME MEF 
BOUNDARY 25 
FIXED 25 
METHO3 22 
COMRINE M A B r M C  

BOUNDARY 11 

TOLERANCE 0 . 0 1 

WEDUCE EF 

:0 
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TRANSFORP 3 
MREDUCE EFG 
NAME MEFG - 

Y S I S  USING AUTOMATED MODAL SYNTHESIS 

INE9MODAL9RECOVERYgRUN2,PHASEZ 
TRATION PROdLEM Nom 2-3-2 

30 
40 
50 
5 0  
so 
4 0  
50 
39 
40 
50  
4 0  
30 
11 
1 

F B A S I C  3 0  

DBASIC 30 

11 
100,  O m  O m  I O O m  O m  
i 
0; 
200,  O m  O m  200 ,  0. 
O m  
400.  O m  O m  4 0 0  O m  
O m  
600 ,  0. O m  b o o m  0 .  
0. 
m0 3000mOO 10 1 0  

a 0  3000mOO 10 1 0  

+ T Z  

+ T 3  

* T 5  

+ T 7  

+El 
*_Ez 
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I APPENDIX D. (concluded) 

~ + E L  I E I G R  
+E3 
E I G R  

I +E2S 
+EL2 

~ EkDOATA 
l r )  

1 EIGH 

M A X  
3 
M A X  
25 
M A X  
22 
M A X  

I N V  

I N V  
I N V  

3 0 0 0 . 0 0  10 10  

1000.0 4 0  40 

2000.0 40 40 

+E3 

+E25 

+E22 

I 
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